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(57) ABSTRACT 
A load support vibration isolation mount comprises first 
and second parts movable relative to one another with 
a gas cushion and a high pressure hydraulic fluid dis 
posed in series between the parts to attenuate vibration 
induced force transfer between the parts. At least one 
porous elastic member and at least one sieve-like plate 
are arranged in stacked relation within the high pres 
sure hydraulic fluid of the mount for absorbing energy 
from dynamic loading of the mount. Enhanced energy 
absorption and broader response characteristics for 
absorbing energy from dynamic loading of different 
frequencies are attained. 

15 Claims, 2 Drawing Sheets 

GASS 
2ZZ2 

  



Sheet 1 of 2 5,083,756 Jan. 28, 1992 U.S. Patent 

A76. / 

NONONONONTOS 

  



U.S. Patent Jan. 28, 1992 Sheet 2 of 2 5,083,756 

SN NS 26 

A/G 4 
32 (32A NN 222 

32B 

  



5,083,756 
1 

LOAD SUPPORT VIBRATION ISOLATION 
MOUNT 

TECHNICAL FIELD 

The present invention relates to a load support vibra 
tion isolation mount of the type having a high pressure 
fluid medium means and a spring cushion means dis 
posed in series between relatively movable parts of the 
mount to attenuate vibration induced force transfer 
between the mount parts. 

BACKGROUND ART 

One type of prior art load support vibration isolation 
mount which is used for vehicle engine mounts, for 
example, comprises elastically deformable hard rubber 
cushions or the like for cushioning the transfer of vibra 
tions as between the engine and the vehicle frame. In 
the application of the mount to a vehicle, such solid 
elastically deformable engine mounts do help isolate the 
vehicle body frame carrying the engine from engine 
induced mechanical vibration and the engine from vehi 
cle induced vibrations. However, such mounts suffer 
from disadvantages in that they are unable to attenuate 
the wide range of mechanical vibrations experienced in 
use on an automobile. For example, an automobile is 
designed to operate under many speed, torque, acceler 
ation and deceleration conditions, all of which create 
different mechanical vibration force, frequency and 
amplitude patterns. The above-mentioned conventional 
shock absorber type engine mounts are preset and pas 
sive in that they only passively react to vibration forces 
based on their preset elastic design characteristics. Such 
vibration isolation mounts can be designed to operate 
quite well over certain narrow mechanical vibration 
patterns. However, because of their design they are not 
effective to attenuate vibrations over all operating 
ranges of the engine and vehicle. 

Certain other prior art mounts, such as vehicle engine 
mounts, utilize a closed fluid shock absorber system for 
cushioning the transfer of vibrations between the engine 
and vehicle frame. Since these fluid shock absorber 
mounts are closed systems, the mounts act much like the 
elastically deformable spring or hard rubber cushion 
mounts discussed above. Further, in cases of large rela 
tive movement between the parts being supported, the 
shock attenuation substantially diminishes as the fluid 
pressure rises. Although certain shock absorber mounts 
provide for multiple fluid chambers and different flow 
paths depending upon the relative displacement of the 
parts being supported, such systems are very complex 
and costly to construct and are also ultimately limited 
by the total volume and fluid accommodating space in 
the overall closed system at an individual shock ab 
sorber mount. 
The above-mentioned prior art mounts thus permit an 

unacceptable level of transfer of vibration forces be 
tween the engine and vehicle frame or between other 
parts being supported, and/or involve very compli 
cated, expensive and space wasting constructions. 
There is a need for an improved load support vibration 
isolation mount which has enhanced energy absorbing 
ability in response to dynamic loading, which has a 
broader response to different frequencies of dynamic 
loading as compared with the aforementioned known 
mounts, and which at the same time is relatively simple 
and economical. 
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2 
DISCLOSURE OF INVENTION 

An object of the present invention is to provide an 
improved load support vibration isolation mount which 
solves the aforementioned problems of the prior art 
mounts. More particularly, an object of the invention is 
to provide an improved load support vibration isolation 
mount which has enhanced energy absorbing ability in 
response to dynamic loading and which has a relatively 
broad response characteristic for absorbing energy 
from dynamic loading of different frequencies, while at 
the same time being relatively simple and economical. 
These and other objects are attained by the improved 

load support vibration isolation mount of the invention 
which comprises a first mount part securable to a first 
member, a second mount part securable to a second 
member, guide means for guiding relative movement of 
the first and second parts, first spring cushion means and 
high pressure fluid medium means disposed in series 
between the first and second mount parts to attenuate 
vibration induced force transfer between the first and 
second mount parts, and at least one porous elastic 
member disposed in the high pressure medium means 
for absorbing energy from dynamic loading of the 
mount. In addition to the shock or energy absorbing 
ability of the first spring cushion means of the mount 
during dynamic loading of the mount, the at least one 
porous elastic member in the high pressure fluid me 
dium means also advantageously absorbs energy as it is 
compressed and as it allows the high pressure fluid 
medium means to flow into or out of the member with 
resistance in response to dynamic loading of the mount. 

Illustratively, the at least one porous elastic member 
is a formed of porous silicone rubber. According to the 
disclosed, preferred embodiment of the load support 
vibration isolation mount of the invention, at least one 
sieve-like plate is provided adjacent the at least one 
porous elastic member with the plate and member being 
arranged in stacked relation such that the plate is mov 
able against the member to compress the porous elastic 
member in response to dynamic loading of the mount. 
The sieve-like plate has a plurality of through holes 

which extend in direction of force transfer between the 
first and second mount parts for allowing the high pres 
sure fluid medium means to pass therethrough with 
resistance in response to dynamic loading of the mount. 
Illustratively, dynamic loading of the mount causes a 
pressure pulse or pulses to travel through the high pres 
sure fluid medium means, which is a liquid, namely oil 
in the disclosed embodiment. This travelling pulse, 
causes the sieve-like plate to move in the direction of 
the pulse. As the plate moves the hydraulic fluid flows 
through the small holes in the plate. The resistance to 
this flow results in energy from the dynamic loading 
being absorbed during the movement of the plate. Fur 
ther energy is absorbed as the moving plate compresses 
the adjacent porous elastic member because of the resil 
ient nature of the member and the resistance to the flow 
of the hydraulic fluid out of the elastic member during 
its compression. 

In the illustrated embodiment, the load support vibra 
tion isolation mount comprises a plurality of elastic, 
porous members and sieve-like plates arranged alter 
nately in stacked relation within the high pressure fluid 
medium means. Means are provided for maintaining the 
alignment of the stacked members and plates within the 
mount. The alignment means includes a passage 
through each member and plate. The passages in the 
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respective member end plates are aligned with one an 
other, and a fastener extends therethrough for maintain 
ing alignment of the members and the plates while per 
mitting movement of plates and porous members rela 
tive to the fastener in a direction along the length of the 
fastener. 
The first spring cushion means of the mount is prefer 

ably a pressurized gas. The gas cushion and the high 
pressure fluid medium means, e.g. the hydraulic fluid, 
are arranged in series in the mount. Means are provided 
for separating the gas cushion and the high pressure 
fluid medium means in the mount. In this illustrated 
embodiment this separating means is a flexible dia 
phragm of, for example, thin metal which divides the 
space within the mount to form respective pressure 
spaces for the gas and liquid. Other materials could also 
be used for the separating means depending on the pres 
sures and loads which the mount must withstand. A 
freely movable piston sealed in the space could also be 
used to divide the space. 
To further enhance the ability of the load support 

vibration isolation mount for responding to a wide 
range of induced vibration forces, frequencies and am 
plitudes, according to the present invention the high 
pressure fluid means of the mount is communicated 
with high pressure fluid means in an accumulator hav 
ing a volume of high pressure fluid means which is 
substantially greater than the volume for the high pres 
sure fluid means enclosed by the mount. Where a gas 
cushion is employed as the first spring cushion means, 
the gas in the mount can also be communicated with 
pressurized gas in an accumulator having a volume of 
pressurized gas which is substantially greater than the 
volume of gas within the mount. By continuously main 
taining a predetermined, controllable fluid pressure and 
gas pressure in the respective accumulators, the vibra 
tion absorber mount, which is constantly in communica 
tion with the predetermined pressures in the respective 
accumulators, is effective as a vibration absorber which 
automatically accommodates for changes in the vibra 
tion force, amplitude and frequency over a wide range. 
These and other objects, feature and advantages of 

the present invention will become apparent from the 
following description when taken in connection with 
the accompanying drawings which show, for purposes 
of illustration only, two embodiments of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a cross-sectional view through a load sup 
port vibration isolation mount according to a first em 
bodiment of the invention; 

FIG. 2 is a perspective view of a porous elastic mem 
ber and a sieve-like plate of the mount of FIG. 1 shown 
in disassembled, spaced relation; 

FIG. 3 is a cross-sectional view through a second 
embodiment of a load support vibration isolation mount 
of the invention which includes hydraulic fluid and gas 
pressure accumulators schematically illustrated in the 
figure; and 

FIG. 4 is a schematic sectional view showing a detail 
of FIG. 3 taken along line IV-IV, but employing an 
other form of construction than in the embodiment of 
FIG. 3. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring now to the drawings, a load support vibra 
tion isolation system mount 1 according to a first em 
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4. 
bodiment of the invention as depicted in FIGS. 1 and 2 
comprises a first mount part 2 which is secured to a first 
member 3, for example a vehicle engine, electrical gen 
erator or other component to be supported. A second 
mount part 4 is secured to a second member 5 upon 
which the first member 3 is supported by way of the 
mount The second member 5 can be a vehicle frame, for 
example, in the case the first member 3 is a vehicle 
engine. The details of the connections between the first 
mount part and first member and between the second 
mount part and the second member are not illustrated in 
the application drawings but conventional mechanical 
fasteners, welding, or other joining techniques can be 
employed for this purpose as will be readily understood 
by the skilled artisan. 
The cooperating ends of the first and second mount 

parts 2 and 4 are in form of open ended cylinders which 
are arranged in telescoping, fluid sealing relation for 
relative movement with respect to each other in the 
direction V in FIG. 1 to define a pressure space within 
the mount which is subdivided by a diaphragm 6. 

In the illustrated embodiment, the diaphragm 6 is a 
thin, flexible metal sheet which is sealed at its outer 
edges as by welding to the inner cylindrical surface of 
second part 4. In relatively high pressure/high load 
applications, a metal plate can be used as the diaphragm. 
Alternatively, a piston with seal ring for sealing be 
tween the inner cylindrical surface and the piston, could 
be arranged for free movement within the part 4 to 
divide the pressure space. The diaphragm 6, metal plate 
or piston sealing divides the space within the mount 1 
into a pressurized gas space 7 and a separate space 8 on 
the opposite side of the diaphragm, plate or piston for a 
hydraulic fluid. 
A pressurized gas is introduced into the space 7 

through an inlet 9 formed in the side wall of the second 
mount part 4. After introduction of the gas to the space 
7, the inlet 9 is closed by means of a conventional 
threaded closure 10. The gas pressure within the closed 
space 7 can be relatively low, for example 20-30 psi, or 
substantially higher, depending upon the hydraulic fluid 
pressure to be present in the space 8, which latter is a 
function of the loads the mount is to support. That is, 
the gas pressure is selected to provide a desired shock 
absorbing characteristic for dynamic loading or vibra 
tion transmitted to the mount. The hydraulic fluid in 
space 8 above the diaphragm 6 is oil although other 
liquids could be employed. 
The cylindrical, telescoping portions of the first and 

second mount parts 2 and 4 guide the respective mount 
parts for movement relative to one another in the direc 
tion in response to changes in a load applied to the 
mount by way of the first and/or second members 3 and 
5. By way of example, in the illustrated embodiment the 
cylindrical portions of the first and second mount parts 
2 and 4 which define the pressurized gas space 7 and 
hydraulic fluid space 8 have an inner diameter of ap 
proximately three inches. Therefore, if the mount 1 is to 
support a 700 pound load, for example, the pressure in 
the hydraulic fluid in space 8 will be approximately 100 
psi. In this case, the gas pressure provided in the pres 
surized gas space 7 can be selected to be within the 
range of 50-120 psi, for example, so that shocks or dy 
namic loading from the vibration of a vehicle engine as 
the first member 3, for example, are absorbed at least in 
part by the gas cushion provided by the pressurized gas 
in space 7 acting against the compressed hydraulic fluid 
in space 8 by way of the flexible diaphragm 6 sealingly 
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dividing the interior of the mount. Of course, the flexi 
ble diaphragm is subject to only limited movement, e.g. 
2-4 mm, back and forth along a direction parallel to the 
V direction, with pressure fluctuations since its radially 
outer edges are connected to the inner surface of the 
cylindrical wall of the mount. Where a freely movable 
piston is used to divide the space in the mount, the 
piston would be able to move to maintain a pressure 
balance between the pressurized gas and pressurized 
liquid in the mount. 
According to a further feature of the invention, the 

load support vibration isolation mount of the inven 
tion comprises at least one porous elastic member 11 
disposed in the hydraulic fluid in the space 8 for absorb 
ing energy from dynamic loading of the mount. The 
porous elastic member 11 is preferably a porous sponge 
which can be formed of silicone rubber, for example. 
The hydraulic fluid permeates the porous elastic mem 
ber and can flow into and out of the member as it is 
compressed during dynamic loading of the mount. 

Further, according to the invention at least one sieve 
like plate 12 is arranged adjacent the at least one porous 
elastic member 11. The sieve-like plate 12 has a plurality 
of small through holes therein which allow the hydrau 
lic fluid to pass therethrough with resistance for absorb 
ing energy in response to dynamic loading of the mount. 
The movement of the plate against a porous elastic 
member also serves to compress the elastic member. 
As illustrated in FIG. 1, in the preferred embodiment 

a plurality of porous elastic members 11 and sieve-like 
plates 12 are arranged alternately in stacked relation 
within the hydraulic fluid of the mount immediately 
above the diaphragm 6. The stacked members and 
plates are maintained in alignment with one another by 
means of a fastener 14 which extends axially through 
the stacked members 11 and plates 12 in passages 15 and 
16 formed in the members 11 and plates 12, respec 
tively. One end of the fastener 14 is threaded and re 
ceives nut 17. The lower end of the fastener 14 is 
flanged at 18. The diameter of the passages 15 and 16 
are slightly larger than the diameter of the fastener 14 to 
permit relative sliding motion of the members 11 and 
plates 12 with respect to the fastener between the flange 
18 and nut 17 as during compression of the assembly 
upon dynamic loading of the mount. 
The sieve-like plates 12 can be formed of plastic or a 

light metal, for example aluminum. The through holes 
13 in each plate 12 are needle-like. Illustratively, a large 
number of the through holes 13 can be provided in each 
plate 12 as by drilling, with the holes each having a 
diameter of 1/5 mm, for example. The thickness of each 
plate 12 is inch in the illustrated embodiment but other 
thicknesses could be used. The small holes in the sieve 
like plates 12 allow passage of the hydraulic fluid there 
through but offer resistance to this flow. As a result, the 
plate members 12 each act like a giant capillary in re 
stricting flow. The thickness of the porous, cylindrical 
rubber members is one inch in the disclosed embodi 
ment but other thickness could be employed. The nem 
bers are highly porous, that is, they are full of the hy 
draulic fluid. The material of the members is elastic to 
permit temporary compression thereof during dynamic 
loading and return to their initial thickness upon cessa 
tion of the dynamic loading. 
As noted above, dynamic loading in the form of vi 

bration travelling through the hydraulic fluid in the 
space 8 results in axial motion of the members 11 and 
plates 12 through the compression of the elastic mem 
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6 
bers 11 and the resistance to liquid flow offered by both 
the members 11 and plates 12. Thus, energy is absorbed 
by the assembly of the members 11 and plates 12 within 
the hydraulic fluid as the shock wave traverses the 
hydraulic fluid and impacts upon the diaphragm 6 
where additional energy is absorbed by the pressurized 
gas cushion in space 7 beneath the diaphragm. 

In the embodiment of FIG. 3, the load support vibra 
tion isolation system mount 20 is shown connected be 
tween a vibrating part 21, such as a vehicle engine, 
generator unit, or helicopter blade drive assembly, and 
a support frame 22. The mount 20 is connected to the 
vibrating part 21 by way of a first mounting plate 23 
fixed at the underside thereof as by welding, for exam 
ple. A second mounting plate 24 is fixed to the relatively 
fixed support structure 22, such as the vehicle frame. A 
spherical joint member 26 is connected via bolts 25 and 
connecting plate 28 with the plate 23 so as to permit 
universal pivoting movement of the part 26 within the 
socket defined by the plates 23 and 28. In a similar 
manner, a second spherical joint member 29 is detach 
ably attached by the bolts 27 and attaching plate 31 with 
the mounting plate 24. Due to the spherical ball joint 
connections by way of members 26 and 29, relative 
pivotable movements thereof are permitted with bear 
ing guidance over the surface of the spherical ball 
joints. FIG. 4 schematically depicts an alternative form 
of the connection of the mount to the vibratory part and 
support frame wherein the spherical member 32 is cut 
away to form parallel guide surfaces 32A and 32B 
which are guided in corresponding guide surfaces at the 
mounting plates as in the embodiment of FIG.3 so as to 
permit relative pivotable movement about one axis, 
while preventing pivotal movement about any other 
axis. This guided control of the relative pivotable move 
ment can be advantageously applied in certain vehicle 
mounts to limit engine movements in the direction of its 
crankshaft axis. 
The construction of the mount 20 in FIG. 3, aside 

from the connections to the vibratory part 21 and sup 
port frame 22 as discussed above, is similar to that illus 
trated in the embodiment of FIGS. 1 and 2 except that 
the hydraulic fluid in the space 8 above the diaphragm 
6 is in constant communication by way of pressure line 
33 with an accumulator 34 containing hydraulic fluid at 
a predetermined, controlled pressure. A pressure line 35 
also communicates the pressurized gas in the space 7 
below the diaphragm 6 with an accumulator 36 contain 
ing pressurized gas in a predetermined, controlled pres 
sure. The pressures in the respective accumulators 34 
and 36 are maintained through the use of respective 
pumps and pressure sensors, not shown, to predeter 
mined pressures. Reference is made to applicant's pend 
ing U.S. patent application Ser. No. 07/414,254 filed 
Sept. 29, 1989, the disclosure which is hereby incorpo 
rated by reference. By connecting the limited pressure 
spaces in the mount 20 with the hydraulic fluid and gas 
in the respective accumulators, it is possible to restore 
and maintain the respective pressures in the mount in a 
rapid and reliable manner for optimizing the response 
characteristics of the load support vibration isolation 
mount. The shock absorbing ability of the mount 20 is 
also enhanced by the alternately stacked porous elastic 
members 11 and sieve-like plates 12 located within the 
mount as in the embodiment of FIGS. 1 and 2. 
While I have shown as described only two embodi 

ments in accordance with the present invention, it is 
understood that the same is not limited thereto, but is 
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suspectable to numerous changes and modifications as 
known to those skilled in the art. For example, the 
shape of the mount is not limited to cylindrical but 
could have another form. Likewise, the size of the 
mount is dependent upon the static load which the 
mount must carry and also the expected fluctuation of 
this loading as a result of dynamic loading such as vibra 
tion. Therefore, I do not wish to be limited to the details 
shown and described herein, but intend to cover all 
such changes and modifications as are encompassed by 
the scope of the appended claims. 

claim: 
1. A load support vibration isolation mount compris 

ing a first mount part securable to a first member, a 
second mount part securable to a second member, guide 
means for guiding relative movement of the first and 
second parts, first spring cushion means and high pres 
sure fluid medium means disposed in series between the 
first and second mount parts to attenuate vibration in 
ducted force transfer between the first and second 
mount parts, and at least one elastic sponge member 
disposed in the high pressure fluid medium means, said 
at least one elastic sponge member being highly porous 
such that it is full of the high pressure fluid medium 
means which can flow into and out of the sponge mem 
ber as it is compressed during dynamic loading of the 
mount for absorbing energy from dynamic loading of 
the mount. 

2. The load support vibration isolation mount accord 
ing to claim 1, wherein said porous sponge member is 
formed of silicone rubber. 

3. The load support vibration isolation mount accord 
ing to claim 1, wherein the high pressure fluid means of 
the mount is communicated with high pressure fluid 
means of an accumulator having a volume of high pres 
sure fluid means which is substantially greater than the 
volume of a pressure space for the high pressure fluid 
means enclosed by the mount. 

4. The load support vibration isolation mount accord 
ing to claim 1, wherein said guide means includes means 
for permitting universal pivotal movement of the mount 
with respect to at least one of the first and second mem 
bers. 

5. The load support vibration isolation mount accord 
ing to claim 4, wherein said guide means includes spher 
ical ball joint connection means for at least one of the 
first and second mount parts. 

6. The load support vibration isolation mount accord 
ing to claim 1, wherein said guide means includes slid 
ably interengagable cylinder walls of the first and sec 
ond mount parts, said cylinder walls enclosing a pres 
sure space for the high pressure fluid medium means. 

7. The load support vibration isolation mount accord 
ing to claim 1, wherein the first spring cushion means is 
a gas cushion. 

8. The load support vibration isolation mount accord 
ing to claim 7, wherein means are provided for separat 
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8 
ing the gas cushion and the high pressure fluid medium 
means in the mount. 

9. The load support vibration isolation mount accord 
ing to claim 8, wherein the separating means is a flexible 
diaphragm. 

10. The load support vibration isolation mount ac 
cording to claim 7, wherein the gas cushion is communi 
cated with a pressurized gas in an accumulator whose 
pressurized gas volume is substantially greater than 
volume of the pressurized gas in the mount. 

11. A load support vibration isolation mount compris 
ing a first mount part securable to a first member, a 
second mount part securable to a second member, guide 
means for guiding relative movement of the first and 
second parts, first spring cushion means and high pres 
sure fluid medium means disposed in series between the 
first and second mount parts to attenuate vibration in 
ducted force transfer between the first and second 
mount parts, and a plurality of porous elastic sponge 
members and plates having a plurality of througholes 
are disposed in the high pressure fluid medium means 
and arranged alternatively in stacked relation for ab 
sorbing energy from dynamic loading of the mount. 

12. The load support vibration isolation mount ac 
cording to claim 11 further comprising means for main 
taining alignment of the stacked porous elastic sponge 
members and plates within the mount. 

13. The load support vibration isolation mount ac 
cording to claim 12, wherein the alignment means in 
cludes a passage through each porous elastic sponge 
member and plate, the respective passages being aligned 
with one another, and a fastener extending through the 
passages for maintaining alignment of the sponge mem 
bers and the plates. 

14. The load support vibration isolation mount ac 
cording to claim 11, wherein the at least one plate is 
movable against the at least one porous elastic sponge 
member to compress the elastic sponge member in re 
sponse to dynamic loading of the mount. 

15. A load support vibration isolation mount compris 
ing a first mount part securable to a first member, a 
second mount part securable to a second member, guide 
means for guiding relative movement of the first and 
second parts, first spring cushion means and high pres 
sure hydraulic fluid disposed in series between the first 
and second mount parts to attenuate vibration induced 
force transfer between the first and second mount parts, 
and at least one highly porous elastic sponge member 
and at least one plate having a plurality of through holes 
which allow the high pressure hydraulic fluid to pass 
therethrough with resistance for absorbing energy in 
response to dynamic loading of the mount, said at least 
one porous elastic sponge member and said at least one 
plate being arranged in stacked relation in the high 
pressure hydraulic fluid for absorbing energy from dy 
namic loading of the mount. 

k 


